The International Food Policy Research Institute (IFPRI), established in 1975, provides evidence-based policy solutions to sustainably end hunger and malnutrition and reduce poverty. The Institute conducts research, communicates results, optimizes partnerships, and builds capacity to ensure sustainable food production, promote healthy food systems, improve markets and trade, transform agriculture, build resilience, and strengthen institutions and governance. Gender is considered in all of the Institute's work. IFPRI collaborates with partners around the world, including development implementers, public institutions, the private sector, and farmers' organizations, to ensure that local, national, regional, and global food policies are based on evidence. IFPRI is a member of the CGIAR Consortium.
INTRODUCTION: THE BURDEN OF UNDERNUTRITION MOVES INTO THE SPOTLIGHT
The recent food price crises have provoked a strong, resurging interest in food and nutrition security and its quantification (Pinstrup-Andersen 2009; Barrett 2010; de Haen, Klasen, and Qaim 2011; FAO 2011; Verpoorten et al. 2013; Masset 2011; FAO 2013c; Pangaribowo, Gerber, and Torero 2013; Headey and Ecker 2013; COHA 2012; Coates 2013) . In this context, and to raise awareness of the hunger problem, a host of new food and nutrition security indexes have been launched (Stein 2013a; GAIN 2013; te Lintelo et al. 2013; Muthayya et al. 2013 ). In addition, the Food and Agriculture Organization of the United Nations (FAO) revised the methodology and data it uses to estimate the number of undernourished people in the world, adding a new set of indicators that better capture the multiple dimensions of food and nutrition insecurity (FAO 2012b) . At the same time, increasing attention is being paid to nutrition and its connections to agriculture and health, whether at IFPRI's 2020 Conference "Leveraging Agriculture for Improving Nutrition and Health" in early 2011 (Pandya-Lorch et al. 2012) , in The Lancet's latest Maternal and Child Nutrition Series (Horton and Lo 2013) , or at the Nutrition for Growth meeting in the context of the G8 Summit in June 2013 (DFID 2013)-even while it is acknowledged that undernutrition is still an area of global neglect in public health (Lancet 2012) .
Following the premise that undernutrition is bad because of the negative consequences it has for people's health and well-being, especially children's, as well as for their educational achievements and overall productivity, the burden of hunger can be linked to food and nutrition security as illustrated in Figure 1 .1. Hunger-understood more comprehensively to include both undernourishment and micronutrient malnutrition 1 -is a product of the various factors that determine food and nutrition security. Thus, defined in broader terms-whether as lack of dietary energy or as lack of vitamins and mineralshunger results in adverse health consequences that represent the burden of disease of undernutrition.
While there are numerous suggestions for quantifying hunger and measuring food and nutrition security, probably the single most important indicator is the FAO's estimate of the proportion of undernourished people worldwide, not least because it is also used to measure progress toward the first Millennium Development Goal (MDG) of the United Nations. What the FAO's indicator really measures, though, is mostly changes in food availability ("quantities available for consumption at the household level") (FAO 2012a: 5) . That is, the indicator focuses on only one of the determinants of undernutrition, and it looks only at the household level, thus ignoring the intrahousehold distribution of food. Moreover, being a mere head count indicator, this measure fails to take into account the depth of undernutritionthat is, it does not indicate how big the gap is between assumed requirements and estimated intakes.
In contrast to such indicators that focus on possible causes on the input side of hunger, I argue that what matters for measuring undernutrition are its actual effects on the output side, namely the amount of ill health and related welfare losses that are caused by hunger in all its forms. Therefore, this paper aims to look through a public health lens and use data and methodologies from that field to measure undernutrition in terms of health outcomes, thus adding a different perspective to the quantification of food and nutrition insecurity, and to suggest a more comprehensive approach to measuring hunger and malnutrition 2 that-if accepted-can be enlarged and improved upon in the future.
1 According to the FAO's basic definitions (FAO 2013b: online) , undernutrition is "the result of prolonged low levels of food intake and/or low absorption of food consumed. Generally applied to energy (or protein and energy) deficiency, but it may also relate to vitamin and mineral deficiencies," whereas undernourishment or chronic hunger is limited to shortfalls of dietary energy, namely to "the status of persons whose food intake regularly provides less than their minimum energy requirements." Hence, undernutrition comprises chronic hunger but also micronutrient deficiencies, which are sometimes called hidden hunger.
2 Malnutrition includes not only undernourishment and micronutrient malnutrition but also overnutrition (especially obesity). While overnutrition is not included in the current paper, which focuses on undernutrition, the proposed approach to measuring nutrition-related problems can easily be expanded to include, for example, obesity.
Figure 1.1 Food and nutrition insecurity and the burden of hunger
Source: Presentation by author. Note: This figure shows how food insecurity affects hunger, and how hunger then contributes to the burden of disease by causing disabling health conditions. According to the World Food Summit Plan of Action, "food security exists when all people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and healthy life" (FAO 1998: online) . Based on this definition, usually four dimensions of food security are distinguished, (1) physical availability of food, (2) economic and physical access to food, (3) food utilization, and (4) stability of these three dimensions over time (EC-FAO Food Security Programme 2008) . Dietary needs, which are driven by, for example, body growth, body mass, pregnancy, or level of physical activity, determine how much food is sufficient; actual food intake is determined by the availability of and access to food as well as by the amount of food wastage; and food utilization is influenced by such factors as dietary composition and diversity, food preparation, the level of antinutrients in the food, feeding practices, access to clean water, sanitation, parasite infestation, and ill health. Health conditions that are directly linked to hunger in all its forms are, for example, protein-energy malnutrition, iodine deficiency, vitamin A deficiency, and iron-deficiency anemia, which in turn are risk factors for other health outcomes and thus contribute to the burden of disease by compromising an active and healthy life. 
USING DALYS TO MEASURE THE BURDEN OF UNDERNUTRITION
One challenge when trying to measure the health outcomes of undernutrition is the multitude of adverse health consequences that can be attributed to hunger in all its forms, in particular to micronutrient deficiencies: bouts of diarrhea, pneumonia, or measles in children that last days; night blindness in pregnant and lactating women that lasts months; stunting, mental retardation, or blindness in children that is irreversible and lasts their entire lives; and child mortality in the worst cases (Stein et al. 2005) . Therefore the question is whether health can be measured in a consistent way across such diverse outcomes.
To do just that and to make the burden imposed by different health outcomes comparable, 20 years ago the World Bank introduced the concept of disability-adjusted life years (DALYs) (World Bank 1993)-and it continues to support it (World Bank 2013c). In this approach, different health states are weighed according to their respective severity before their durations are added up to obtain a burden of disease, which is expressed as an overall loss of what amounts to healthy life-year equivalents. Put differently, DALYs measure "person-years lost in a population owing to disability and shortened life" (Nature 2011: 132) .
In its most general form, the DALYs formula can be represented as
where YLL are "years of life lost" due to premature mortality and YLD are weighted "years lost due to disability," which are summed up across all target groups and health outcomes of interest. (Obviously health outcomes of very short duration, such as diarrhea or measles, count as only fractions of a year, whereas permanently disabling conditions, such as blindness or stunting, are accounted for throughout the average remaining life expectancy at the age of onset of the condition.) Since its introduction, the DALYs concept has been popularized by the World Health Organization (WHO 2013f) and the methodology has been expounded in a seminal book by Murray and Lopez (1996) . Since then, DALYs have become a metric that is used widely for assessing the consequences of adverse health outcomes or to carry out cost-effectiveness analyses (Fox-Rushby 2002; Glassman and Chalkidou 2012) . 3 In particular, DALYs have been used to determine the burden of disease among the global poor (Gwatkin, Guillot, and Heuveline 1999) or to quantify the burden of disease of such diverse causes as environmental noise, civil war or poor water and sanitation infrastructures (WHO 2011; Collier and Hoeffler 2004; Rijsberman 2004 ). In addition, DALYs have been used to determine the burden of various forms of hidden hunger or to assess the potential impact and cost-effectiveness of related micronutrient interventions (Zimmermann and Qaim 2004; Sandler 2005; Stein, Sachdev, and Qaim 2006; Ma et al. 2008; Stein et al. 2008; Meenakshi et al. 2010) . 4 The WHO uses DALYs to quantify the global burden of disease (GBD), for which it reports results at the country level and for a range of health outcomes (WHO 2013c). Based on these readily available data, DALYs can be used to quantify the burden that undernutrition imposes on societies around the world. This is what this paper does, following the literature to attribute health outcomes to undernutrition (Stein et al. 2005; Stein, Qaim, and Nestel 2009) . 5 The health outcomes that are covered in the WHO's GBD study and that relate directly to undernutrition are protein-energy malnutrition, iodine deficiency, vitamin A deficiency, and iron-deficiency anemia. Furthermore, 18 percent of diarrheal diseases and 41 percent of lower respiratory infections can be attributed to zinc deficiency, and 5 percent of maternal mortality can be attributed to iron-deficiency anemia. Stein (2013b) ). Globally, 44 million DALYs are lost due to micronutrient malnutrition (hidden hunger) and 21 million DALYs are lost due to undernourishment (chronic hunger). While the same individual can be both undernourished and suffering from one or another micronutrient deficiency, in the calculation of DALYs the various health outcomes are clearly differentiated by cause; that is, DALYs lost are summable (which is one of their conceptual strengths). Therefore, added together, the global burden of hunger in all its forms amounts to 65 million DALYs lost-about 4 percent of the total burden of disease.
For comparisons of the burden of hunger across countries, the loss of DALYs due to undernutrition can be visualized using absolute or relative figures. Given India's huge population and relative poverty, the biggest absolute burden of hunger can be found in that country (Figure 2 .1, upper panel). However, if the loss of DALYs is expressed in per capita terms, it is mostly countries in Africa south of the Sahara that fare poorly (Figure 2.1, lower panel) . Similarly, looking at the results at the country level also shows how the importance of undernutrition relative to other health issues varies across countries. For instance, while DALYs lost due to hunger in all its forms represent less than 0.4 percent of the overall burden of disease in New Zealand and the United States, they contribute 8 percent to the burden of disease in Angola, Mali, and Sierra Leone (see Table S .1 in Stein (2013b) ).
Newer Data and a Changed Methodology Indicate a Bigger Burden of Undernutrition
The results reported so far represent lower-bound estimates because of the scope and level of disaggregation of health outcomes of the WHO's last GBD study, which limits the possibility of attributing DALYs lost due to the various forms of undernutrition. In this regard, a more recent GBD study-carried out by the Institute for Health Metrics and Evaluation (IHME) with core funding from the Bill & Melinda Gates Foundation-represents an improvement since it covers more health outcomes and risks. On the other hand, it also introduces some methodological changes, such as dispensing with discounting of future losses of DALYs (in the case of premature mortality or chronic or multiannual diseases) or the derivation of disability weights from judgments of the general public instead of healthcare professionals (Murray et al. 2012) , which makes the WHO and IHME results incomparable. Burden of undernutrition 320,461,462 160,021,205 Source: Underlying DALYs estimates taken from IHME 2012; for more details please see Table S .2 in Stein (2013b) . Notes: DALYs = disability-adjusted life years; VAD = vitamin A deficiency.
Unfortunately, the full data of this study-disaggregated by country-are not publicly available (Veitch 2012; Mathers 2013) . The aggregate data from this more recent and more comprehensive effort to quantify the GBD permit computing the global burden of hunger, though (Table 2 .1). Given the comprehensiveness and greater attributability of DALYs lost to undernutrition that these data allow-and also given the fact that unlike in the WHO study future DALYs are not discounted-according to the IHME study, more than 160 million DALYs are lost per year due to hunger in its various forms, which is more than 6 percent of the total burden of disease.
COMPARING DALYS WITH OTHER MEASURES OF FOOD SECURITY
If countries are ranked according to their relative burden of undernutrition, and if this ranking is compared with the rankings from other measures of food and nutrition security, it becomes obvious that there are substantial differences (Table 3 .1); a similar result can be seen from the correlation matrix that compares these same indicators (Table 3 .2). These differences merit closer analysis in future research, but one likely reason for the discrepancies could be that these different measures simply measure different things-as a comparison of main characteristics of each measure shows (Table 3 .3). Stein (2013b) . Notes: Rankings are from poorest outcomes to best results. Data are generally from the last year available, ranging from 2000 to 2012, with all indicators drawing on data from different years. a DALYs = disability-adjusted life years. Here "DALYs" are DALYs lost due to hunger in all its forms per 100,000 population as calculated from WHO data. DALYs data cover 192 countries. b Stunting = prevalence of stunting in children under five. Stunting data cover 118 countries.
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c FAO = Food and Agriculture Organization of the United Nations. Here "FAO" is the prevalence of undernourishment as calculated by the FAO. FAO data cover 185 countries. d GHI = Global Hunger Index. Here "GHI" is the GHI score. GHI data cover 120 countries. e GFSI = Global Food Security Index. Here "GFSI" is the GFSI score. GFSI data cover 105 countries. f Income = gross national income per capita at purchasing power parity. Income data cover 192 countries. 6 Given these discrepancies, it is the more important to select an indicator that measures what it is expected to do, as for instance the discussion about the severity of malnutrition in India shows: "Mortality data measure mortality and anthropometric data measure child growth. India may be significantly better than many Sub-Saharan African countries at keeping children alive, but survival does not automatically equate with adequate nutrition and growth. Even though mortality trends in the long term may be similar to trends in nutrition, they are absolutely not on parallel tracks-there are many possible reasons why nutritional status […] does not mimic trends in mortality" (Gillespie 2013: 65) . DALYs measure the share of mortality and morbidity that relates to undernutrition and therefore make the burden of undernutrition comparable, also across countries where overall mortality and anthropometric data are fundamentally different. a DALYs = disability-adjusted life years. Here "DALYs" are DALYs lost due to hunger in all its forms per 100,000 population as calculated from WHO data. b Stunting = prevalence of stunting in children under five. c FAO = Food and Agriculture Organization of the United Nations. Here "FAO" is the prevalence of undernourishment as calculated by the FAO. d GHI = Global Hunger Index. Here "GHI" is the GHI score. e GFSI = Global Food Security Index. Here "GFSI" is the GFSI score. f Income = gross national income per capita at purchasing power parity. Source: Presentation by author. Notes: a DALYs = disability-adjusted life years. Here "DALYs" are DALYs lost due to hunger in all its forms per 100,000 population-information is split to reflect the two global burden of disease studies from which DALYs estimates are available (older but country-disaggregated data from WHO and recent but only aggregated data from IHME). b Stunting = prevalence of stunting in children under five. c FAO = Food and Agriculture Organization of the United Nations. Here "FAO" is the prevalence of undernourishment as calculated by the FAO. d GHI = Global Hunger Index. Here "GHI" is the GHI score. e GFSI = Global Food Security Index. Here "GFSI" is the GFSI score.
For instance, while DALYs can capture the entire burden that is caused by adverse health consequences of hunger in all its forms, stunting is but one health outcome of undernutrition (which does not capture the consequences of such factors as iron deficiency, vitamin A deficiency, or iodine deficiency), while on the other hand undernutrition is but one determinant of stunting-next to the overall disease environment, sanitary conditions, or mother's education (Hatton 2013; Spears, Ghosh, and Cumming 2013; Emamian et al. 2013) . Nevertheless, stunting is often used or suggested as a superior measure of undernutrition (Headey 2012; Misselhorn et al. 2012; Pangaribowo, Gerber, and Torero 2013; Gómez et al. 2013; Haddad 2013) , not least because as an anthropometric measure it is an actual outcome of food insecurity and it captures long-term and cumulative effects of poor nutrition (beyond insufficient caloric intakes).
The WHO data that I used to generate the DALYs estimates of the burden of undernutrition include data on numerous health outcomes of undernutrition, as described above, but the data do not contain information on stunting. While this may be a shortcoming of this particular dataset, nothing prevents the inclusion of stunting-or of any other health outcome-in future DALYs calculations. In fact, stunting had been included in a calculation of the burden of zinc deficiency in India, and the overall loss of DALYs due to stunting was negligible-it is an irreversible condition (that is, DALYs lost accumulate over many years), but the loss of functioning due to stunting-reflected in its disability weight-is very small .
Regarding the other measures, the FAO's estimate of the prevalence of undernourishment focuses on one cause of food insecurity by looking at food availability at the household level, which by and large ignores individual accessibility and changes in the requirements for and utilization of the food consumed; that is, its comparability with the DALYs measure is limited-if the DALYs measure produces a different ranking than the food availability measure, this may simply reflect the influence the other determinants of food security have on actual health outcomes of undernutrition (Figure 1.1) . Possible avenues for these other causes to affect ultimate health outcomes will be discussed below.
The Global Hunger Index (GHI) combines two selected adverse health consequences (or effects) of hunger, namely child mortality and underweight, with the FAO's prevalence of undernourishment (a cause of hunger) in one index (von Grebmer et al. 2012 ). This may be an improvement over any single indicator, but it falls short of the more comprehensive measurement of the overall health outcome of all forms of hunger that DALYs offer, and the blending of causes and effects in one index also raises conceptual questions. The Global Food Security Index (GFSI) focuses more on determinants that may influence food security at the national level (EIU 2012) ; that is, it also measures something very different from the outcomes of undernutrition-although a legitimate question is to what extent a food security index should be able to predict the actual effects of food insecurity. Finally, average per capita income is not an indicator for food security and is included only for information.
TRANSLATING DALYS INTO MORE EASILY UNDERSTOOD TERMS
While in this paper I argue that using DALYs to measure hunger is a better approach than using proxy indicators that either reflect the input side of hunger or focus only on selected health outcomes, one challenge for the use of DALYs is their abstractness: what exactly is a "disability-adjusted life year"? The definition that DALYs measure "person-years lost in a population owing to disability and shortened life" sums it up nicely, but reporting a number of hungry people is arguably more intuitive. Therefore, if such an intuitive figure does not fully capture the bigger picture, and if the extent of hunger is better measured in DALYs, how can the size of the problem be conveyed in more easily understood terms?
One way to address this issue is to convert DALYs into something more tangible-for instance into lives lost (instead of life years lost). According to the WHO, currently the average life expectancy at birth in low-income countries and in lower-middle-income countries (where the burden of hunger is greatest) is 60 and 66 years, respectively (WHO 2013d); that is, each life has a theoretical maximum of 66 years in it. If these 66 years are spent in good health, they correspond to 66 DALYs. Discounting these 66 years-in line with the discounting of future DALYs at a rate of 3 percent (WHO 2013a)-means that the present value of each of these lives corresponds to 28.6 life years. Accordingly, dividing the overall number of DALYs lost to hunger by 28.6 translates into a loss that is the equivalent of 2.27 million newborn lives. Doing the same for the DALYs lost due to undernutrition that are derived from the IHME study (but without discounting because in this study future DALYs are not discounted, either), translates into the equivalent of 2.43 million newborn lives lost. This also shows that-compared to the older WHO study-the change in methodology for the IHME study (no discounting of future DALYs) has a bigger impact on the final burden than the use of more recent and more comprehensive data. In communications with a more general audience, one could therefore say that the current burden of hunger is comparable to an annual loss of about 2.3 million to 2.4 million lives.
Turning DALYs into Dollars
Another way of illustrating the magnitude of the burden of hunger is to express it in money, one of the most universal units of account. And while there are obvious problems with the monetization of social costs as, ultimately, it relies on subjective valuation, it offers a coherent framework that permits conducting the kind of broad analyses and comparisons that are needed to guide policy (Jackson, McBride, and Abdallah 2007) . Indeed, not only is money used to capture the value of intangibles such as nature and ecosystems (Daily 2000 ; IUCN, Nature Conservancy, and World Bank 2005), but in health economics it is also common practice to convert DALYs lost-or life years gained-into monetary terms to approximate their economic cost to society or to determine the cost-effectiveness of health interventions (Hirth et al. 2000; Goldie et al. 2006; Cressey 2009; Bobinac 2012; Brent 2011; Traill 2012) .
Clearly, estimating the cost of hunger is not the main purpose of DALYs, but it is a way of translating the more abstract DALYs lost into units and magnitudes that are more accessible to policymakers and the general public-and the underlying rationale is that if a year of (productive) life is lost in a society, this comes at a cost. There are different ways for valuing DALYs (or related "qualityadjusted life years"), which rely on approaches such as human capital, willingness to pay, or value of a statistical life. Such estimates of the monetary value of one DALY usually equal at least the average national income per capita in the study country and often amount to a multiple thereof (Hirth et al. 2000; Eichler et al. 2004; Braithwaite et al. 2008; Towse 2009; Lee et al. 2013 ). In line with these studies, the WHO's Commission on Macroeconomics and Health has also suggested that "each DALY would be valued at a multiple of annual income, perhaps three times current income" (2001, 103) , arguing that the actual benefits of saving healthy life years would be much larger than the corresponding income because the benefits of improved health are expected to help spur economic growth (Commission on Macroeconomics and Health 2001). This approach has subsequently been used widely in the literature, either to value DALYs as such or to establish a threshold for economic evaluations of health interventions (Murray et al. 2003; Chisholm 2003; Baltussen, Sylla, and Mariotti 2004; Yosefy et al. 2007; Brown 2008; Shim and Galvani 2009; John and Ross 2010; Ha and Chisholm 2011; Salomon et al. 2012; Demont and Stein 2013a) . Here I follow this approach by multiplying DALYs lost due to hunger in each country by triple the gross national income per capita at purchasing power parity-that is, values are expressed in international dollars (Int$).
7 (For more details, see Table S .1 in Stein (2013b) .) The result indicates the economic potential of a society in the absence of hunger.
The Global Cost of Hunger in All Its Forms
If approximated this way-that is, multiplying national per capita income by the DALYs lost due to undernutrition as derived from the WHO's GBD data-the global cost of hunger amounts to Int$0.8 trillion in 2011-or about 1 percent of total world income. This amount roughly equals the national income of rich Australia or populous Iran, and it is more than the combined income of the poorest 50 countries covered by the GBD.
To get a feeling for how the WHO data compare with the more recent and detailed IHME data, which are available only at a more aggregated level, I used the weighting of the burden of undernutrition of the WHO data to derive country estimates for the IHME data. Using this approach produces an estimate for the global cost of hunger of Int$1.9 trillion per year, or 2.4 percent of world income. However, while the IHME produces a more comprehensive estimate of the GBD, the ad hoc disaggregation of its results may be less than robust, and therefore the figure of Int$1.9 trillion needs to be corroborated if and when country-level data become available.
One indication that the global cost of hunger falls indeed into the trillion-dollar range is the estimate for the worldwide cost of undernutrition of US$1.4 trillion to US$2.1 trillion that the FAO gives in its latest report on the State of Food and Agriculture (FAO 2013d). The FAO arrived at its estimate by applying an earlier World Bank estimate for the loss in economic productivity due to undernutrition of 2-3 percent of gross domestic product in individual countries, and by building its estimate from the bottom up. The World Bank estimate, in turn, draws on different studies by different authors that, individually and for different countries, report estimates of monetary losses due to different aspects of undernutrition (World Bank 2006).
While it is interesting to note that two very different approaches yield similar results, it may also lend credence to the notion that the global cost of hunger is indeed about Int$1 trillion to Int$2 trillionthat is, somewhere in the range of the national income of Turkey, Indonesia, Spain, Canada, South Korea, Mexico, or Italy. This result also shows that eradicating hunger remains an important challenge for the international community.
Should Hunger Be Measured in Monetary Terms in the First Place?
So far in this paper I have argued that looking at the outcomes of undernutrition (measured in DALYs lost) could be a better way of measuring hunger in all its forms than looking at selected determinants or individual outcomes of undernutrition. In an effort to translate abstract DALYs into more commonly understood units, I have followed the literature to produce a monetary estimate of the global cost of hunger. However, monetary quantification of the "cost" of hunger is obviously influenced by a country's economic performance and its social system, whether it is measured by aggregating cost estimates that are based on productivity losses, as is done for the FAO's estimate, or whether by using national per capita income to value DALYs-ceteris paribus, the monetary cost of hunger in richer and more economically productive countries is higher than in poorer countries.
This discussion shows another strength of using DALYs for measuring hunger: if normalized average life expectancies are used, a DALY lost is the same in each country. That is, quantifying the burden of hunger this way avoids many of the ethical pitfalls that come with monetary valuation. Reporting a global cost of hunger has its merits when the intention is to use it for communication or advocacy reasons, in particular to convey an approximate idea of the magnitudes involved to a nontechnical audience. However-at least when the goal is to reduce global hunger per se-policymaking on food and nutrition security should be guided by the impact that decisions have on related health outcomes (in the form of DALYs saved) and not by their impact on the approximated cost of undernutrition in different countries.
GREATER PROGRESS ON THE MILLENNIUM DEVELOPMENT GOALS
One good example for how DALYs-rather than dollars-can be used for policy purposes is the monitoring of hunger over time. While the IHME data are not publicly available at the same disaggregated level as the WHO data, the IHME study contains information that the WHO data lack: consistent global DALYs estimates over time (for 1990, 2005, and 2010) , thus making it possible to assess the development of the global burden of hunger-in all its forms-over the last two decades. Incidentally, 1990, the first year for which the IHME reports a GBD estimate, is also the base year against which progress on the MDGs is measured. The first of these goals (MDG 1) includes the explicit target to "halve, between 1990 and 2015, the proportion of people who suffer from hunger." A key indicator for monitoring this target is the proportion of the population whose dietary energy consumption remains below a minimum-which corresponds to the already discussed estimate of the proportion of undernourished people worldwide (FAO 2012b). As the graph shows, if measured by the proportion of undernourished (hungry) people, global hunger declines very slowly-too slowly for MDG 1 to be achieved by 2015. (Target 1.C of MDG 1 is to "halve, between 1990 and 2015, the proportion of people who suffer from hunger," and this is to be monitored using, inter alia, the "proportion of population below minimum level of dietary energy consumption" as indicator [UN 2008: online] ). Since in 1990 the proportion of hungry people worldwide was 18.6 percent, or a total of 1 billion (FAO 2012b) , in 2015 it has to be below 9.3 percent for MDG 1 to be achieved. Given the UN's medium variant population projection for 2015 of 7.3 billion people (UN 2013) , this corresponds to a maximum of 680 million undernourished individuals. Yet in 2010, the proportion of hungry people was still 12.5 percent; that is, it had fallen by only one-third. In contrast, if global hunger is assessed based on hunger-related adverse health outcomes, the burden of undernutrition has been halved already, having fallen from a total of 320 million DALYs lost in 1990 to 160 million DALYs lost in 2010.
Assuming that the underlying objective of MDG 1 is to reduce the burden of hunger and to increase food security (and not the mere availability of food at the household level), it is interesting to compare the estimate of the number of hungry people with that of the number of DALYs lost due to hunger over time (Figure 5.1) . Judging by the FAO's indicator, the achievement of MDG 1 is not very likely. However, if the objective were indeed more generally to "reduce hunger by half" (UN 2012a), MDG 1 has already been achieved-if not by the letter, at least in spirit: as Table 1 shows, in 1990 the burden of hunger was 320 million DALYs lost, but by 2010 this burden had already shrunk to 160 million DALYs lost. 8 Moreover, MDG 1 is a relative target, referring to the proportion of people who suffer from hunger; hence, in the presence of population growth, it is easier to achieve than reduction of an absolute figure, such as the number of DALYs lost, which (ceteris paribus) increases with a growing population. Therefore this halving of the burden of hunger is more comparable to another absolute target, the 1996 Rome World Food Summit target, in which world leaders committed to cutting by half the number of undernourished people in the world by no later than 2015 (FAO 2013b) .
Perhaps more importantly, the FAO's indicator and MDG 1 focus only on undernourishment, that is, the most obvious form of hunger. Therefore in Figure 5 .1 the number of DALYs lost due to undernourishment and the number of DALYs lost due to hidden hunger are shown separately to make the measures more comparable. This disaggregation of the DALYs shows that progress on undernourishment has been faster than on micronutrient malnutrition and that the burden of hunger by this more narrow definition has been halved already, well before 2010. On the other hand, the disaggregation of DALYs also indicates that soon micronutrient malnutrition may overtake undernourishment as biggest hungerrelated problem and that, therefore, hidden hunger may merit more attention.
Food Consumption Is but One Determinant of Hunger
The discrepancy in the assessment of the development of global hunger if based on food availability versus actual health outcomes might be surprising, but as illustrated in Figure 1 .1 and discussed above, food availability is but one determinant or cause of (or input into) hunger, whereas DALYs measure the outcome of hunger that results from all inputs combined. In this case-in the presence of other, uncorrelated inputs into hunger that change over time-an indicator that monitors only one input is bound to show a different development than an indicator that measures the final outcome.
For instance, if occupational or domestic physical activity levels go down, so do people's energy expenditure and dietary needs (Lanningham-Foster, Nysse, and Levine 2003; Monda et al. 2008; Ng and Popkin 2012; Qin, Stolk, and Corpeleijn 2012; Maxwell 1996) . Similarly, if households waste less food, this is not captured in the FAO indicator because consumption is calculated from the quantities of food that are available at the household level-inclusive of possible food waste (FAO 2012a). And food eaten away from home can also distort the picture if hunger is measured on the input side (Smith 2013) . Finally, different factors influence how much of the nutrients in the food people eat the human body can absorb (Hambidge 2010; Dangour et al. 2013; Anekwe and Kumar 2012) .
If these other parameters change over time, hunger can decline even if food consumption levels remain largely unchanged. This discussion also shows the importance of thinking outside the box-or the silo: hunger can be addressed by producing more food or by distributing it better, but hunger can also be reduced by reducing people's dietary needs or by making sure that the food people already have access to is properly utilized, for example through improving sanitation or healthcare.
What Are the Drivers of Hunger Reduction?
Given the multiple factors that affect hunger, one could hypothesize that-in the aggregate and gradually over the last 25 years-increasing mechanization in many sectors, greater availability of motorized transportation, and the spread of information and communication technologies have reduced people's dietary energy needs. Similarly, better storage and pest control, longer shelf life of crops, improved food preservation techniques, and expanding food retail chains could have reduced the amount of food that is wasted at the household level. And nutrition education, more informed infant feeding practices, dietary changes, improved access to clean water, better sanitation and hygiene, lower incidence of parasite infestation, higher vaccination rates, and better health statuses could have increased people's utilization of the food they consume-a determinant of food security that is neglected in current studies (Bashir and Schilizzi 2013) .
Thus the sum of many small improvements in many different fields could have contributed to a greater progress in the fight against hunger than what analyses that focus mainly on food accessibility indicate. If and when new country-level data become available, for example from the IHME project, both quantitative and qualitative analyses will have to be done across countries to go beyond speculation and to determine the drivers of the downward trend in global hunger (as measured by DALYs).
CONCLUSIONS
Not least in light of this year's discussion of the post-2015 development agenda and the design of sustainable development goals (UN Economic and Social Council 2013; World Bank et al. 2013 )-or even the setting of a hunger eradication goal (FAO 2013a)-it is important that agreed-upon targets can be operationalized based on indicators that allow precise monitoring of progress toward such goals. Stakeholders in food and nutrition security need to be aware of the advantages of outcome-based measures like DALYs versus indicators that are linked to selected determinants or individual outcomes of hunger, even if DALYs are not (yet) specifically computed for use as a food security metric.
On the other hand, those working on GBD studies should pay more attention to undernutrition and to related health risks (Zimmermann 2013) , and more frequent updates of the GBD or relevant subsets could further increase the usefulness of DALYs for the monitoring of food security. This could be part of a new drive and greater investment in health metrics (Nature 2013).
The present paper does not suggest that the currently available DALYs are a panacea for all questions surrounding the measurement of food and nutrition security, but researchers across disciplines, policymakers, and other stakeholders should evaluate the usefulness of DALYs for their purposes and consider how current and future work on GBD studies or the collection of underlying data could be adapted or expanded to better accommodate the measurement of food and nutrition security.
Decisionmakers in funding bodies, research institutes, or nongovernmental and international organizations may also want to reconsider whether time, money, and human resources should be spent on producing an ever-increasing "inflation" of food security indexes (Stein 2013a) , or whether efforts and resources should be bundled to collect new data on nutrition and health and to update existing data more frequently. Most importantly, though, and not only in light of the emerging open access movement within the international development community (Stansbury and Alvare 2013) , there needs to be transparency in the generation of the data, and new data need to be made accessible to researchers and policymakers in a timely manner (Mathers 2013; Devex 2013; Horton 2013) .
In the present case, using DALYs to quantify the burden of hunger has shown that the international efforts to improve global welfare are bearing fruit and that progress in the fight against undernutrition has been more rapid than is generally believed. Still, the global hunger problem remains unresolved, and its magnitude becomes especially apparent when approximated in more familiar monetary terms. Once more detailed, country-level data become available, further research can determine in which countries and for which nutrition-related health outcomes the biggest reductions in the burden of hunger have been achieved-and it can help explain why, so policymakers can apply the lessons learned. Table S .1 in Stein (2013b) . Notes: DALYs = disability-adjusted life years.
APPENDIX: THE BURDEN OF UNDERNUTRITION BY COUNTRY
Given that the biggest loss of DALYs occurs in children, reporting this loss relative to the overall population might overestimate the relative burden in countries with a big, young population.
